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,QWURGXFWLRQ
$V LW LV NQRZQ WKH ERRP SHULRG RQ GDP FRQVWUXFWLRQ LQ (XURSH KDV HQGHG DQG QRZDGD\V WKH IRFXV RI GDP
SURIHVVLRQDOV LV JUDGXDOO\ VKLIWLQJ IURP GDP GHVLJQ WR GDPPDLQWHQDQFH DQG RSHUDWLRQ 5RPDQLD LV LQ WKH VDPH
VLWXDWLRQVLQFHDERXWRIH[LVWLQJGDPVZHUHEXLOWLQWKHODVW\HDUV>@VRQRZWKHUHDUHPDQ\GDPVWKDWDUH
VXEMHFWWRDJLQJSKHQRPHQD
'XHWRWKHIDFWWKDWUHWHQWLRQVWUXFWXUHVDUHFRQVWUXFWLRQVFKDUDFWHUL]HGE\DYHU\ORQJOLIHSHULRGDYHU\LPSRUWDQW
UHVHDUFKGLUHFWLRQLQWRGD\¶VGDPHQJLQHHULQJLVUHODWHGWRVWUXFWXUDODJHLQJRIFRQFUHWHGDPVDQGZD\VWRPRQLWRU
VWUXFWXUDODQGPDWHULDOFKDUDFWHULVWLFVFKDQJHVWRUHGXFHDQGPDQDJHWKHDVVRFLDWHGULVNV
2QHRIWKHVWUXFWXUDOFKDUDFWHULVWLFVPRQLWRULQJSURFHVVHVXVHGIUHTXHQWO\LVWKHSHULRGLFPHDVXUHPHQWRIG\QDPLF
FKDUDFWHULVWLFVRIWKHVWUXFWXUHDQGWKHFRPSDULVRQRIUHFRUGHGGDWDZLWKSUHYLRXVYDOXHVLQRUGHUWRGHWHFWSRVVLEOH
FKDQJHV7KLVPHWKRG LVZLGHO\XVHGIRUEULGJHDQGFLYLO VWUXFWXUHVEXW LQ WKH ODVWSHULRG LWZDV LPSOHPHQWHGRQ
FRQFUHWHGDPV±DUFKGDPV>@>@DQGEXWWHUVGDPV>@QRWRQO\LQ5RPDQLDEXWDOVRLQRWKHUFRXQWULHV>@>@
7KLVPHWKRGFDUULHGRXWWZLFHD\HDUDWWKHHQGRIWKHFROGDQGZDUPVHDVRQVFRQVLVWVRIGHWHUPLQLQJWKHGDP
RZQG\QDPLFFKDUDFWHULVWLFVDQGFRPSDULQJWKHPWRWKHYDOXHVIURPSUHYLRXVFDPSDLJQVDQGWRWKHRQHVGHULYHGIURP
WKHFDOLEUDWLRQRIWKHPDWKHPDWLFDOPRGHODWWDFKHGWRWKHVWUXFWXUH7KHPDWKHPDWLFDOPRGHODWWDFKHGWRWKHVWUXFWXUH
LV DK\EULGPRGHO DFKLHYHGXVLQJ WKH ILQLWH HOHPHQWPHWKRG FDOLEUDWHGEDVHGRQ WKH ILUVWPHDVXUHPHQW FDPSDLJQ
YDOXHV&KDQJHVRIWKHGDPRZQYLEUDWLRQFKDUDFWHULVWLFVGXHWRUHVHUYRLUZDWHUOHYHOYDULDWLRQUHVSHFWLYHO\GXHWR
WHPSHUDWXUHYDULDWLRQVDUHHYDOXDWHGEDVHGRQ WKHFDOLEUDWHGPRGHO:KLOHSUHVHUYLQJ WKHG\QDPLFFKDUDFWHULVWLFV
UHSUHVHQWVDFRQILUPDWLRQRIVWUXFWXUDOLQWHJULW\PDLQWHQDQFHWKHJURZWKRIYLEUDWLRQSHULRGVFDQEHDV\PSWRPRI
VWUXFWXUDOGHJUDGDWLRQ,QVWUXPHQWDOH[SHULPHQWDOLQYHVWLJDWLRQVUHIHUH[FOXVLYHO\WRHODVWLFEHKDYLRURIWKHDQDO\]HG
GDPZKLOHFRQVLGHULQJWKHYLEUDWLRQVRXUFHWREHWKHHQYLURQPHQWDOYLEUDWLRQV
(YHQ WKRXJK WKH PHWKRG LV QRW TXDQWLWDWLYH  FDQQRW SURYLGH YDOXHV UHODWHG WR VWUXFWXUDO FKDUDFWHULVWLFV ± LWV
VLPSOLFLW\DQGWKHIDFWWKDWLWLVFDUULHGRXWSHULRGLFDOO\SURYLGHVDQDGGLWLRQDOHOHPHQWWUDFNLQJRIVWUXFWXUDOLQWHJULW\
DQGLQFDVHRIGHWHFWLRQRIGLIIHUHQFHVFDQRSHQWKHZD\IRUPRUHFRPSOH[LQYHVWLJDWLRQV
([SHULPHQWDOSURJUDP±*XUD5kXOXL'DP
2.1. Presentation of Gura Râului dam 
*XUD5kXOXLGDPFRPPLVVLRQHGLQLVDEXWWUHVVGDPZLWKDPD[LPXPKHLJKWRIPDQGDFUHVWOHQJWKRI
P,WLVPDGHRIEORFNVHDFKKDYLQJDZLGWKRIPILJ


)LJ*XUD5DXOXL'DPYLHZIURPGRZQVWUHDPDQGWKHPDWKHPDWLFDOPRGHO
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7KHEXWWUHVVHVZKLFKZHUHGLPHQVLRQHGVWDUWLQJIURPWKHSULQFLSOHRIRSWLPDOFRQFUHWHYROXPHGLVWULEXWLRQKDYH
DYDULDEOH WKLFNQHVV·P7KXV LWKDVEHHQSRVVLEOH WR ORZHU WKHEORFNJUDYLW\FHQWHUDQG WR LQFUHDVH WKH
IRXQGDWLRQ VHFWLRQDQG LPSOLFLWO\ WR UHGXFH WKHYROXPHRI FRQFUHWH7KHVSLOOZD\VDUH ORFDWHGZLWKLQEORFNVQR
·3HUPDQHQWORQJLWXGLQDOMRLQWVSDUDOOHOWRWKHGRZQVWUHDPIDFHDUHSHUIRUPHGRQHYHU\EORFN7KHGDPVWRUDJH
UHVHUYRLULVPDLQO\XVHGIRUZDWHUVXSSO\RI6LELXFLW\LQFHQWUDO5RPDQLD$QDGGLWLRQDOXVHLVK\GURHOHFWULFLW\D
VPDOOSRZHUSODQWEHLQJORFDWHGLQWKHYLFLQLW\RIWKHGDPGRZQVWUHDPWRH4 PV3 0:7KHIRXQGDWLRQ
URFNFRQVLVWVLQPDVVLYHDQGVWLIIJQHLVVHVRQWKHDEXWPHQWVDQGZLWKVRPHFUDFNVDQGGHJUDGDWLRQVLQWKHYDOOH\7KH
GDPLVORFDWHGZLWKLQDPDFURVHLVPLFDUHDRILQWHQVLW\, 06.
2.2. Experimental tools and transducers placement 
7KHYLEUDWLRQVPHDVXUHPHQWVZHUHUHDOL]HGXVLQJ%UHO	.M UVROXWLRQV)LJ±³38/6(´W\SHDQDO\VHU
W\SH DFTXLVLWLRQPRGXOH IUHTXHQF\GRPDLQ·N+] DQG W\SHYLEUDWLRQ WUDQVGXFHUV /LLRQ
UHFKDUJHDEOHEDWWHU\DQG³38/6(/DE6KRS´VRIWZDUHLQVWDOOHGRQDODSWRS


)LJ([SHULPHQWDOWRROVDQGWUDQVGXFHUVSODFHPHQW
,QVLWXPHDVXUHPHQWVFRQVLVWHGRISHUIRUPLQJLQVWUXPHQWDOUHFRUGVRIYLEUDWLRQWRDFKLHYHDIUHTXHQF\DQDO\VLV
7KHG\QDPLFFKDUDFWHULVWLFVYDOXHVXVHGIRUGLDJQRVLVZHUHREWDLQHGIURPWKHSURFHVVLQJRIUHSUHVHQWDWLYHVLJQDOV
VDPSOHVLQWHUPVRIDPSOLWXGH7KHWUDQVGXFHUVSODFHPHQWLQWKHILUVWSKDVHDLPHGWRREWDLQLQIRUPDWLRQQHHGHGWR
FDOLEUDWHWKHPDWKHPDWLFDOPRGHOWKHUHIRUHWKHIROORZLQJEORFNVZHUHPHDVXUHGEORFNQRDVPD[LPXPKHLJKW
EORFNEORFNQRDVPD[LPXPKHLJKWRYHUIORZEORFNDQGEORFNVQRDQGDVPHGLXPKHLJKWDEXWPHQWEORFNV
)RUWKHVHFRQGSKDVHWKHQXPEHURIPRQLWRUHGEORFNVZDVLQFUHDVHGWRDVIROORZVEORFNQRDQGDVDEXWPHQW
W\SHEORFNVEORFNQRDQGDVUHSUHVHQWDWLYHPD[LPXPKHLJKWEORFNVDQGEORFNDVVSLOOZD\EORFN)RUDOOWKH
VHOHFWHGEORFNVWKHWUDQVGXFHUVZHUHSRVLWLRQHGLQRUGHUWRPHDVXUHKRUL]RQWDOGLUHFWLRQVXSVWUHDP±GRZQVWUHDP
DQGULJKWEDQN±OHIWEDQN'XHWRORJLVWLFDOUHDVRQVWKHLQLWLDOSODFHPHQWFRXOGQRWEHPDLQWDLQHGIRUDOOWUDQVGXFHUV
)LJXUHQRVKRZVDGLDJUDPZLWKWKHWUDQVGXFHUVSODFHPHQW LQWKHWZRFDPSDLJQVPHDVXUHPHQWVZKLOH7DEOH
VKRZVWKHUHVXOWVRIWKHFDPSDLJQVSHULRGV7>V@REWDLQHGIRUWKHILUVWPRGHV


)LJ6FKHPHZLWKWUDQVGXFHUVSODFHPHQWGXULQJWKHFDPSDLJQV
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7DEOH5HVXOWVREWDLQHGGXULQJERWKPHDVXUHPHQWFDPSDLJQV
0HDVXUHGEORFN
0HDVXULQJFDPSDLJQ
$EXWPHQWW\SHEORFNV 0D[LPXPKHLJKWEORFNV 6SLOOZD\
    

7>V@    
7>V@    
7>V@    

7>V@     
7>V@     
7>V     

2.3. FEM - Mathematical models 
8VLQJWKHGDWDREWDLQHGIURPWKHILUVWPHDVXUHPHQWFDPSDLJQWKHDWWDFKHGPDWKHPDWLFDOPRGHOZDVFDOLEUDWHG,Q
WKHILUVWSKDVHRQO\RQHPDWKHPDWLFDOPRGHOZDVFUHDWHG±0()DVDPD[LPXPKHLJKWEORFNILJDZKLFKZDV
FDOLEUDWHGVRWKDWIRUWKHVDPHZDWHUOHYHOWRSURYLGHUHVXOWVDSSUR[LPDWHO\HTXDOWRWKRVHPHDVXUHG,QWKHVHFRQG
SKDVHQHZPRGHOVZHUHFUHDWHG0()DVDPHGLXPKHLJKWDEXWPHQWEORFN0()±DVDPD[LPXPKHLJKW
VSLOOZD\EORFNILJE0()DVWKHHQWLUHVSLOOZD\FRPSRVHGRIEORFNVILJF0()DVWKHHQWLUHGDP
FRPSRVHGRIEORFNVILJ
7KHVHPRGHOVZHUHDVVLJQHGWKHPDWHULDOSURSHUWLHVREWDLQHGIURPWKHILUVWPRGHOFDOLEUDWLRQFRQFUHWHGDP<RXQJ
PRGXOXV( *3D3RLVVRQFRHIILFLHQWȞ GHQVLW\ȡ WPILHOGURFNIRXQGDWLRQ<RXQJPRGXOXV
( *3D3RLVVRQFRHIILFLHQWȞ %HORZLQ7DEOHDUHSUHVHQWHGWKHFKDUDFWHULVWLFVRIWKHPRGHOVDQGWKH
SULQFLSOHVWDNLQJLQWRFRQVLGHUDWLRQZKLOHPRGHOOLQJ
7DEOH)(0FKDUDFWHULVWLFV
&RGH 0RGHO 1RGHQR (OHPHQWQR
0() 1RUPDOEORFNZLWKKPD[3  
0() 1RUPDOEORFNZLWKKPHG3  
0() 2YHUIORZEORFNZLWKKPD[3  
0() 6SLOOZD\VWUXFWXUHEORFNV  
0() 7KHHQWLUHGDP  

/LQHDUILQLWHHOHPHQWV'LVRSDUDPHWULFZLWKLQFRPSDWLEOHPRGHVKDYLQJGHJUHHVRIIUHHGRPSHUQRGHX[X\
DQGX]ZHUHXVHGIRUDOOPRGHOVFRPSRQHQWVGXULQJGLVFUHWL]DWLRQ7KHDLPZDVWRKDYHDUHJXODUPHVKDQGWKDWWKH
REWDLQHGHOHPHQWVZRXOGQRWKDYHVKDUSDQJOHVDQGWKHLUVKDSHZRXOGEHDVFORVHDVSRVVLEOHWRWKHLGHDORQH7KH
DSSOLHGERXQGDU\FRQGLWLRQVZHUHEORFNHGGLVSODFHPHQWVRQDOOH[WHUQDOQRGHV7KHLQWHUDFWLRQZLWKWKHIRXQGDWLRQ
ZDVPRGHOOHGE\DGGLQJWRWKHPHVKDODUJHSRUWLRQRIWKHIRXQGLQJWHUUDLQ[WKHKHLJKWRIWKHGDPRQDOOWKHPRGHO
GLUHFWLRQVZLWKGHIRUPDELOLW\FKDUDFWHULVWLFVGHWHUPLQHGGXULQJWKHJHRORJLFDOLQYHVWLJDWLRQVRIWKHWHUUDLQH[FOXGLQJ
WKHZHLJKWRIWKHIRXQGDWLRQDQGWKHUHIRUHZLWKRXWLQYROYLQJWKHPRGHOLQHUWLDDQGDPRUWL]DWLRQRIJURXQG
7KHLQIOXHQFHRIWKHZDWHUOHYHOLQWKHODNHZDVLQFOXGHGLQWKHPRGHOOLQJE\LQWURGXFLQJDGGLWLRQDOZDWHUPDVVHV
RQ WKH QRGHV VLWXDWHG RQ WKH XSVWUHDP IDFH7KH YDOXHV RI WKHVH FRQFHQWUDWHGPDVVHVZHUH GHWHUPLQHG XVLQJ WKH
:HVWHUJDDUGUHODWLRQVKLSIRUDSDUDEROLFGLVWULEXWLRQRIK\GURG\QDPLFSUHVVXUH7KHFRQFHQWUDWHGPDVVHVRIZDWHU
ZHUHPRGHOOHGLQWKHGDPUHVHUYRLUIRXQGDWLRQDVVHPEO\E\LQWURGXFLQJPDVVFRQFHQWUDWHGILQLWHHOHPHQWVIRUZKLFK
ZDVWDNHQLQWRDFFRXQWRQO\WKHWUDQVODWLRQDOLQHUWLDLJQRULQJWKHURWDWLRQLQHUWLD+\GURG\QDPLFSUHVVXUHYDOXHVZHUH
FDOFXODWHGWDNLQJLQWRDFFRXQWWKHZDWHUOHYHOIURPWKHGD\ZKHQWKHPHDVXUHPHQWFDPSDLJQWRRNSODFH

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 

)LJ0()0()DQG0()PRGHOV

)LJ0()PRGHO
2.4. Results obtained from mathematical modelling 
7KHUHVXOWVRIWKHDQDO\VLVDUHSUHVHQWHGLQJUDSKLFDOIRUPIRUHDFKPDWKHPDWLFDOPRGHOLQLPDJHVGHIRUPHG
VKDSHIRUWKHILUVWPRGHVDQGDVYDOXHVLQWDEOHSHULRGIRUWKHILUVWPRGHV)RU0()PRGHOWKHEORFNV
IRUPLQJWKHVSLOOZD\ZHZHUHDEOHWRLGHQWLI\FRUUHFWO\WKHILUVWZD\VGHSHQGLQJRQWKHLUGHIRUPHGVKDSHVREWDLQHG
HYHQWKRXJKWKLVPRGHOKDVGHYHORSHGWZRQHZPRGHVWRZDUGPRGHOV0()DQG7KHUHIRUHDFFRUGLQJWRILJXUH
LWFDQEHVHHQWKDWPRGHVDQGREWDLQHGLQWKH0()DQG0()PRGHOVDUHDYDLODEOHLQPRGHO0()DVPRGH
UHVSHFWLYHO\PRGH,QPRGHO0()WKHHQWLUHGDPGXHWRWKHODUJHQXPEHURIG\QDPLFGHJUHHVRIIUHHGRPD
VHULHVRIRZQPRGHVUHVXOWHGZKLFKOHGWRDGLIILFXOWLGHQWLILFDWLRQRIWKHPRGHVFRUUHVSRQGLQJWRWKHRWKHUPRGHOV
PRGHV6WLOOEDVHGRQWKHGHIRUPHGVKDSHPRGHDQGPRGHLGHQWLILHGIRUPRGHOV0()ZHUHPDWFKHGWR
PRGHUHVSHFWLYHO\PRGHRIPRGHO0()ILJ
5HVXOWVDQG'LVFXVVLRQV
7KHODVWSDUWRIWKHVWXG\FRQVLVWHGRIWKHFRPSDULVRQEHWZHHQWKHUHVXOWVREWDLQHGIRUHDFKPDWKHPDWLFDOPRGHO
DQGWKHPHDVXUHGYDOXHV)RUWKLVUHDVRQWKHUHODWLYHHUURUIRUHDFKPRGHOZDVGHILQHGEDVHGRQWKHIRUPXOD

 ߝொி௜
்௝ ൌ 
ቚ ಾ்ಶಷ೔
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ೕ ቚ
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DQGZDVFDOFXODWHGIRUHDFKUHSUHVHQWDWLYHRZQYLEUDWLRQPRGHM
)LJ'HIRUPHGVKDSHVIRUILUVWPRGHV
7DEOH±0HDVXUHPHQWVDQG)(0UHVXOWV
%ORFNW\SH
9LEUDWLRQPRGHV
$EXWPHQWW\SHEORFN 0D[LPXPKHLJKWEORFN 6SLOOZD\EORFN
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0HDVXUHG · · ·

0()DQG   
0()   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
7KHDQDO\VLVZDVSHUIRUPHGIRUWKHW\SHVRIPHDVXUHGEORFNVDQDYHUDJHKHLJKWDEXWPHQWEORFNDPD[LPXP
KHLJKWEORFNDQGDPD[LPXPKHLJKWVSLOOZD\EORFNDQGWKHUHVXOWVDUHSUHVHQWHGLQILJXUH$VLWFDQEHVHHQLQ
JHQHUDOWKHUHODWLYHHUURUVREWDLQHGDUHDURXQGDQGWKHORZHVWHUURUUDWHZDVREWDLQHGIRUWKHPD[LPXPKHLJKW
EORFNVPRGHOOHGIRUWKHHQWLUHVWUXFWXUH0()PRGHO±DURXQGIRUWKHPD[LPXPKHLJKWEORFNDQGDURXQG
IRUWKHVSLOOZD\EORFN)RUWKHDEXWPHQWEORFNWKHEHVWUHVXOWVZHUHREWDLQHGZLWKWKH0()PRGHOWKHUHODWLYH
HUURUEHLQJVPDOOHUIRUWKLVPRGHOWKDQIRUPRGHO0()7KLVSDWWHUQZDVIROORZHGIRUWKHILUVWPRGHV)RUWKHODVW
PRGHWKHEHVWUHVXOWVZHUHREWDLQHGZLWKPRGHO0()7KHRWKHU WZREORFNW\SHV±PD[LPXPKHLJKWEORFNDQG
VSLOOZD\EORFNIROORZHGDQRSSRVLWHSDWWHUQ±IRUWKHILUVWDQGVHFRQGPRGHWKHPDWKHPDWLFDOPRGHO0()REWDLQHG
WKHEHVWUHVXOWVDQGIRUWKHWKLUGPRGHWKHEHVWUHVXOWVZHUHREWDLQHGZLWKWKH0()DQGPRGHOV
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)RUWKHPD[LPXPKHLJKWVSLOOZD\EORFNVWKHUHZHUHQRLPSRUWDQWGLIIHUHQFHVEHWZHHQUHVXOWVREWDLQHGZLWK0()
DQG0()PRGHOV

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)LJ0HDVXUHGYVFRPSXWHGSHULRGVREWDLQHGIRUWKHIXQGDPHQWDOPRGHDQGWKHLUUHODWLYHHUURU
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,QUHFHQW\HDUVDQLQFUHDVLQJQXPEHURIVWXGLHVDQGH[SHULPHQWVXVHWKHDPELHQWYLEUDWLRQVWRLGHQWLI\WKHYLEUDWLRQ
FKDUDFWHULVWLFVRIVRPHFLYLOHQJLQHHULQJVWUXFWXUHVVXFKDVEULGJHVEXLOGLQJVRURIIVKRUHSODWIRUPV7KHDPELHQW
YLEUDWLRQPHWKRGVWDUWHGWREHDOVRXVHGIRUFRQFUHWHGDPVDQGWKHUHDUHVRPHH[DPSOHVIRUGDPKHDOWKPRQLWRULQJLQ
5RPDQLDVLQFH>@
7KH PRQLWRULQJ RI WKH *XUD 5DXOXL 'DP EHKDYLRXU E\ SHULRGLF GHWHUPLQDWLRQ RI WKH VWUXFWXUH¶V G\QDPLF
FKDUDFWHULVWLFV DLPV WKH HDUO\ GHWHFWLRQ RI WKH VWUXFWXUDO LQWHJULW\ GHJUDGDWLRQ GXH WR DJLQJ SKHQRPHQD  7KH
LQVWUXPHQWDOH[SHULPHQWDOLQYHVWLJDWLRQVUHIHUH[FOXVLYHO\WRRYHUDOOEHKDYLRXURIWKHGDPLQWKHHODVWLFUDQJHDQGLW
FRQVLGHUVDVDVRXUFHRIYLEUDWLRQWKHDPELHQWYLEUDWLRQV
7KH UHVXOWV REWDLQHG IRU DOO WKH PDWKHPDWLFDO PRGHOV DQDO\]HG RIIHU DQ DFFHSWDEOH UHODWLYH HUURU IURP WKH
HQJLQHHULQJSRLQWRIYLHZDQGWKH\FDQEHXVHGIRUPRQLWRULQJSXUSRVHV(YHQWKRXJKWKHEHVWUHVXOWVIRUWKHPD[LPXP
KHLJKWEORFNVZHUHREWDLQHGZLWKWKH0()PRGHO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